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2.1 ( ) Banach $V$ , $S\subset V$ .
: $Sarrow R$ , $x^{\star}\in S$ .
$J(x^{\star})=n_{X\in}\dot{u}nJ(x)$
, [7].
2.1 ( ) 2.1 , $S$ , $J$ $S$
, 2.1 $x^{\star}\in S$ .
A. 1, A2 .
A. 1 .
2
$S$ , $x^{k}\in S$ ,




, $P_{S}$ $S$ .
2.2 ( ) Banach $V$ , $S\subset V$ ,
: $Sarrow R$ . $x\in S$ $\epsilon>0$ , $h^{\star}\in V$
.
$J(x+ \epsilon h^{\star})=\min_{h\in V,||h||=1}$ $(x+\epsilon h)$
$x\in S$ .
2.1 ( ) Banach $V$ , $S\subset V$ , : $Sarrow R$
. $x\in S$ , .
$\lim_{||h||arrow 0}\frac{|\text{ }(x+h)-\text{ }(x)-J’(x)(h)|}{||h||}=0$ $\forall h\in V$
, $J’(x)(h)$ $h\in V$ , $J’(x)(h)$ Fr\’echet
. , $J’(x)(h)=\langle G(x),$ $h\rangle,$ $G(x)\in V^{*}$ , $V^{*}$ $V$ , ., $\cdot$ $\rangle$
, $G(x)$ $x\in V$ .
$G$ . $G$ , $h_{G}$ ,
.
2.3 ( ) $G(x)\in V^{*}$ (x) . , Hilbert $X\supset V$
$b:X\cross X\mapsto \mathbb{R}$ .
$\alpha>$ 0: $b(x, x)\geq\alpha||x||^{2}$ $\forall x\in X$
$x\in V\subset X$ $G(x)\in X^{*},$ $G(x)\neq 0$ , $h_{G}\in X$ .
$b(h_{G},y)=-\langle G(x),y\rangle$ $\forall y\in X$
$h_{G}$ , Lax-Milgram .
2.2 ( ) 2.1 , $x\in V$ $(x)$ $G\in V^{*}$
, $G(x)\in X^{*}\subset V^{*},$ $G(x)\neq 0$ , 23 $h_{G}\in X$ .
23 $h_{G}\in X$ , $\epsilon>0$ .
$(x+\epsilon h_{G})-J(x)=\epsilon\langle G(x),$ $h_{G}\rangle+o(\epsilon||h_{G}||)\leq-\epsilon b$ $h_{G},$ $h_{G}\rangle+o(\epsilon||h_{G}||)$
$\leq-\epsilon\alpha||h_{G}||^{2}<0$
2.1 ( ) $h_{G}\in V$ , $h^{\star}=$
$h_{G}$ . $h_{G}\not\in V$ , Galerkin






3.1 ( ) $D\subset R^{d}(d=2,3)$ Lipschitz
( $W^{1,\infty}$ ) . $D$ ${}^{t}W$
.
$\eta\gamma=\{\Omega\subset R^{d}|\Omega\subseteq D,$ $\Omega$ : connected and open,
$\partial\Omega=\Gamma$ ; Lipschitz coutinuous and partially smooth$\}$







3.1 ( BV$(\Omega)$) 3.1 $W$ . $f\in L^{2}(D;R)$ .




3.2 ( ) 3.1 $1V$ . $\Omega\in\prime W$ BV$(\Omega)$ $u$
. $u$ $g^{(\text{ }}\in W^{2.\infty}(R;R)(l=0,1,2, \cdots, m)$ . (0) $(\Omega, u)$ ,




3.2 ( SO) 3.1, 32 $W$, $(J^{(0)}(\Omega, u),$ $J(\Omega, u))$ . $\Omega\in\prime W$
$BV(\Omega)$ $u$ . , $\Omega^{\star}\in {}^{t}W$ .
$J^{(0)}( \Omega^{\star},u^{\star})=\min_{\Omega\epsilon^{r}W}\{J^{(0)}(\Omega,u))|J(\Omega, u)\leq 0\}$
$\prime W$ . ,
$\{\Omega^{k}\}_{k}$ , .
$\Omega^{k}\in\prime W(k=0,1,2, \cdots)$ .
4
3.3 ( ) 3.1 $D,$ $\prime W$ . $\Omega=\Omega^{k}\in\prime W$ ,
$\rho:\Omegaarrow R^{d}$ .
$u=w^{1,\infty}(\Omega;R^{d})$
$\Omega^{k+1}$ $\rho\in u$ $\epsilon>0$ .
$\Omega^{\epsilon\rho}=\{x^{\epsilon\rho}|x^{\epsilon\rho}=x+\epsilon\rho\forall x\in\Omega, \rho\in u\}$
$\Omega^{k+1}=\{x^{k+1}|x^{k+1}=P_{D}(x^{\epsilon\rho})\forall x^{\epsilon\rho}\in\Omega^{\epsilon\rho}\}$
, $P_{D}$ $D$ .
$\Omega\in\eta\gamma$ .
3.3 ( $DV(\Omega)$) 3.1, 32, 33 /, $(J^{(0)}(\Omega, u),$ $J(\Omega, u))$ ,
. $\Omega\in\prime W$ $\epsilon>0$ . $\rho\in$ BV$(\Omega^{\epsilon\rho})$
$u^{\epsilon\rho}$ . , $\in$ .
$J^{(0)}( \Omega^{\epsilon\rho^{\star}},u^{\epsilon\rho^{*}})=\min_{\rho\in u.|b||=1}\{\text{ ^{}(0)}(\Omega^{\epsilon\rho}, u^{\epsilon\rho})|J(\Omega^{\epsilon\rho}, u^{\epsilon\rho})\leq 0\}$
$DV(\Omega)$ $\rho^{\star}\in$ $\epsilon>0$ , 33 , $\Omega=\Omega^{k}$ $\Omega^{k+1}$
. $\epsilon$ 333 .
, DV$(\Omega)$ , SO .
3.1 $J^{(l)}$
DV$(\Omega)$ $J^{(l)}(\Omega, u)(l=0,1,2, \cdots, m)$
. , $J^{(l)}(\Omega, u)$ .
$u$ .
3.4 ($u$ $u’$ ) 33 $\epsilon\rho$ . BV $(\Omega)$ , BV $(\Omega^{\epsilon\rho})$




3.1 ($u$ $u’$ ) 3.1, 33 $W,$ $u$ . $\Omega\in$ !
BV$(\Omega)$ $u$ . , $\rho\in$ $u$ $u’$ ,
.
$-\Delta u’=0$ $in\Omega$
$u’=-(\rho\cdot v)(\nabla u\cdot v)$ on $\Gamma$
, $v\in R^{d}$ .
5
3.1 , $u’$ $\rho$ .
3.1 , ($\Omega$ , u) .
3.4 ($J^{(l\gamma}(\Omega,$ $u)$ AD$(l)(\Omega)$) 32 $J^{(l)}(\Omega, u)$ . $dg^{(i)}/du=g_{u}^{(l)}$
. , $v$ : $\Omega\mapsto R$ .
$-\Delta v^{(l)}=g_{u}^{(\iota\gamma}$ in $\Omega$ ,
$v^{(l)}=0$ on $\Gamma$
AD$(\iota\gamma_{(\Omega)}$ $v^{(l\gamma}$ .
$\rho\in$ ( ($\Omega$ , u) $(l=0,1,2, \cdots,m)$ $Fr6chet$ $J^{(l)\prime}(\Omega,u)(\rho)$
. , $J^{(l)\prime}(\Omega,u)\phi)=\{G^{(l\gamma},\rho\rangle$ , $G^{(l)}\in$ * . $\text{ ^{}(\mathfrak{y}’}(\Omega, u)(\rho)$
G( .
3.1 (J( ) DV$(\Omega)$ . $\Omega\in\prime W$ BV$(\Omega)$
AD$(l)(\Omega)$ $u,$ $v$ . $\rho\in$ ( ($\Omega$ , u) $J^{(l)\prime}(\Omega,$ $u)\phi$)
.
$J^{(I)\prime}( \Omega,u)(\rho)=\int_{\Gamma}G^{(l)}(u,$ $v^{(0})v\cdot\rho d\Gamma=\{G^{(\text{ }}(u,$ $v^{(l)})v,\rho\rangle$
$G^{(\iota\gamma}(u,v^{(l)})=g^{(l)}(u)+(\nabla u\cdot v)(\nabla v^{(l)}\cdot v)$
, $f\in L^{2}(\Omega, u),$ $g^{(l\gamma}\in W^{\infty}(R;\mathbb{R})$ , $G^{(l)}(u,v^{(l)})\in L^{1}(\Gamma;\mathbb{R})$ .
$B$ B.l , .
$\text{ ^{}\prime}(\Omega, u))=\int_{\Omega}g_{u}^{(\grave{l})}(u)u’dx+\int_{\Gamma}g^{(l\gamma}(u)v\cdot\rho$dr
$u,$




$=- \int_{\Gamma}\nabla v^{(\iota\gamma}$ . vu’ $d\Gamma+\int_{\Omega}\nabla v^{(l)}$ .Vu’ $dx$
$= \int_{\Gamma}(\nabla u\cdot v)(\nabla v^{(l)}\cdot v)v\cdot\rho d\Gamma-\int_{\Omega}v^{(l^{\backslash })}\Delta u’dx$
$= \int_{\Gamma}(\nabla u\cdot v)(\nabla v^{(l)}\cdot v)v\cdot\rho d\Gamma$
, $f\in L^{2}(D;R),$ $g^{(l\grave{)}}\in W^{\infty}(R;R)$ , $u,v^{(\iota\gamma}\in H^{2}(\Omega;R)$ .
$G^{(l)}(u,$ $v^{(l)})\in L^{1}(\Gamma;R)$ .
Lagrange $C$ . 3. 1 ,
$G^{(l\gamma}(u,v^{(0})v:\Gammaarrow R^{d}$ $\Gamma$ .
6
31(J( ) $G^{(l)}v\not\in W^{1,\infty}(\Gamma;R^{d})$ , $G^{(l)}v$ $\rho$
. .
$G^{(l)}v\in L^{1}(\Gamma;R^{d})\subset W^{1,\infty}(\Gamma;R^{d})^{*}$ , J( . , 2.1
, .
3.2 ( DV$(\Omega)$ ) DV$(\Omega)$ .
3.2 $H^{1}$
$G^{(l\gamma_{V}}$ . $G^{(l)}v$ $\rho^{(l)\star}\in$
.
23 , $v=u,$ $x=H^{1}(\Omega;R^{d})$ . ,
.
3.5 $(H^{1}$ $HG^{(l)}(\Omega))$ 3.1 $G^{(l)}v\backslash$ : $\Gammaarrow R^{d}$ .
$\rho_{G}^{(l)}\in X=H^{1}(\Omega;R^{d})$ .
$a(\rho_{G}^{(l)},\nu)=-\langle G^{(l)}v,v\rangle$ $\forall v\in X$
, $a(\cdot,$ $\cdot)$ $X$ 1 . . $c_{0},$ $c_{1}$
.
$a(u, \nu)=\int_{\Omega}(\epsilon(u)\cdot\epsilon(\nu)+c_{1}u\cdot\nu)dx+\int_{\Gamma}c_{0}(u\cdot v)(v\cdot v)$ dr
$\epsilon(u)=(\epsilon_{ij})_{ij}=(\frac{1}{2}(u_{i,j}+u_{j,i}))_{ij}$
$\rho_{G}^{(l)}$ $J^{(i)}(u)$ $\rho^{(l)\star}\in$ $H^{1}$
. $H^{1}$ , [2].
3.3 ($DV(\Omega)$ $H^{1}$ ) DV$(\Omega)$ . $\Omega\in 7V$
, $X=H^{1}(\Omega;\mathbb{R}^{d})$ . , 3.1 $G^{(l\gamma}(u,$ $v^{(l)})v$ $x*\}$ , HG$(l)(\Omega)$
$\rho_{G}^{(l)}\in X$ . ,
(1) $\rho_{G}^{(l)}\in$ , $J^{(l)}(u)$ $p^{(i)\star}=\rho_{G}^{(\iota\gamma}$ .
(2) $\rho_{G}^{(\iota\gamma}\not\in$ , $narrow\infty$ $\rho_{n}^{(l)\star}arrow\rho_{G}^{(l)}\in X$ (u)
$\{\rho_{n}^{(l\gamma*}\}_{n}\in$ .
3.2 ($H^{1}$ ) $u_{h}$
, $HG^{(l\gamma}(\Omega)$ Galerkin , $\rho_{Gh}^{(l\grave{)}\star}\in$ h $\subset$ u .
7
3.3
(u) $(l=1,2, \cdots, m)$ , $\rho^{(l)\star}\in$ $H^{1}$





2 (sequential quadratic programming) .
3.6 ( 2 $SQP(\Omega)$) DV$(\Omega)$ $(J^{(0)}(\Omega, u),J(\Omega, u))$ ,
3.1 $(G^{(0)},G)$ . 35 $X$ 1
$a(\cdot,$ $\cdot)$ . $\epsilon>0$ , $\epsilon\rho^{\star}\in$ .
$Q( \epsilon\rho^{\star})=\min_{\rho\in u,||\rho||=1}\{Q(\epsilon\rho)=\frac{1}{2\epsilon}a(\epsilon\rho, \epsilon\rho)+\langle G^{(0)}v,$ $\epsilon\rho\}|J(\Omega, u)+\langle Gv,$ $\epsilon\rho\rangle\leq 0\}$
, [7, 91.
3.4 (KKT ) 36 $(J^{(0)}(\Omega, u),J(\Omega, u))$ $\epsilon\rho^{\star}\in$
, 3.1 $(G^{(0)},G)$ . Lagrange $\lambda=(\lambda^{(l)})_{l}\in R^{m}$ ,
A $=$ diag $(\lambda)$ . $\epsilon\rho^{\star}\in$ $I_{A}(\Omega^{\epsilon\rho^{*}})=$
$\{l\in\{1,2, \cdots,m\}|\text{ ^{}(l)}(\Omega^{\epsilon\rho^{*}},$ $u^{\epsilon\rho^{*}})=0\}$ . , $l\in l_{A}(\Omega^{\epsilon\rho^{*}})$ G( 1
. $\epsilon\rho^{\star}\in$ $SQP(\Omega)$ , Karush-Kuhn-Tucker
.
$\frac{1}{\epsilon}a(\epsilon\rho^{\star}, v)+\langle G^{(0)}v,v\rangle+\lambda^{*}\cdot\langle Gv,v\rangle=0$ $\forall\nu\in X$
$J(\Omega, u)+\langle Gv,$ $\epsilon\rho^{*}\rangle\leq 0$
$\Lambda^{\star}(J(\Omega, u)+\langle Gv, \epsilon\rho^{\star}\rangle)=0$
$\lambda^{\star}\geq 0$
33 , $J^{(\iota\gamma}(u)(l=1,2, \cdots,m)$ $\rho^{(l)\star}\in$
. , 34 1 , .
3.1 (KKT ) 3.4 , 33 ( (u) $(l=1,2, \cdots,m)$ ,





, $\epsilon\rho^{\star}=\epsilon\rho(\lambda^{\star})\in$ SQP$(\Omega)$ , .
$J(\Omega, u)+\langle Gv,$ $\epsilon\rho(\lambda^{\star})\rangle\leq 0$
$A$ $(J(\Omega, u)+\langle Gv, \epsilon\rho(\lambda^{\star})\rangle)=0$
$\lambda^{\star}\geq 0$




$\{G^{(m)}v_{9}\epsilon\rho_{1}^{(m)}\}\{G^{(1)}v_{:]\{\begin{array}{l}\lambda^{(1)}\vdots\lambda^{(m)}\end{array}\}=-}\epsilon\rho_{1}^{(m)}\rangle\{\begin{array}{l}J^{(1)}(\Omega,u)+\langle G^{(l)}v,\epsilon\rho_{l}^{(0)}\}\vdots J^{(m)}(\Omega.u)+\{G^{(m)}v_{9}\epsilon\rho_{1}^{(0)}\rangle\end{array}\}$ (3.2)
$G^{(l\gamma}(l=1,2, \cdots,m)$ 1 , . ,
$\lambda$ , $I_{A}(\Omega^{\epsilon\rho^{*}})=\{l\in\{1,2, \cdots,m\}|\lambda^{(\mathfrak{h}}<0\}$
. , (3.2)
, 3.1 SQP$(\Omega)$ $\rho^{\star}$ .
3.3.2
$DV(\Omega)$ . ,
$\epsilon>0$ , SO $\Omega^{\star}$
.
$\epsilon>0$ Wolfe .
3.5 (Wolfe ) DV$(\Omega)$ , Lagrange $L(\Omega, u,\lambda)$ .
$L(\Omega^{\epsilon\rho(\lambda^{*})},u^{\epsilon\rho(\lambda^{*})},\lambda^{\star})=\text{ ^{}(0)}(\Omega^{\epsilon p(\lambda^{*})},$ $u^{\epsilon\rho(\lambda^{*})})+\lambda^{\star}\cdot J(\Omega^{\epsilon\rho(\lambda^{\star})},$ $u^{\epsilon\rho(\lambda^{*})})$
$arrow L(\Omega,u,\lambda)$ $(\epsilonarrow+0)$
, $\lambda^{\star}$ 3.1 . $\xi,\mu\in R(0<\xi<\mu<1)$ , $\epsilon>0$
Wolfe .
$L(\Omega^{\epsilon\rho(\lambda^{*})},u^{\epsilon\rho(\lambda^{*})},\lambda^{\star})-L(\Omega,u,\lambda)\leq\xi\langle G_{L}(\Omega),$ $\epsilon\rho(\lambda)\rangle$ (3.3)
$\mu$ $G_{L}(\Omega),$ $\epsilon\rho(\lambda)\rangle\leq\langle G_{L}(\Omega^{\epsilon\rho(\lambda^{*})}),$ $\epsilon\rho(\lambda^{\star})\}$ (3.4)





3.5 ( ) SO $(J^{(0)}(\Omega, u),$ $J(\Omega, u))$ , $\Omega^{0}\in$
$\prime W$ $\psi$L $=\{\Omega\in\prime W|J^{(0)}(\Omega, u)\leq J^{(0)}(\Omega^{0},$ $u^{0}),$ $J(\Omega, u)\leq 0\}$ $\prime w_{U}$
, 3.1 $(G^{(0)},G)$ .
$\alpha>$ 0: $\Vert G_{L}(\Omega)-G_{L}(\Omega’)\Vert\leq\alpha|k\Omega\backslash \Omega’+\chi_{\Omega’\backslash \Omega}\Vert$ $\forall\Omega,\Omega’\in\prime W_{U}$
, $G_{L}(\Omega)$ 35 , $\lambda’$ (3.1) . 3.1






(1) $k=0$ . $\Omega^{0}\in$ !, $\epsilon>0$ .
(2) $(J^{(0)}(\Omega^{k},$ $u^{k}),$ $J(\Omega^{k},$ $u^{k}))$ , .
$\bullet$ , .
$\bullet$ , $(G^{(0)}(\Omega^{k}),G(\Omega^{k}))$ 3.1 .
(3) 1 $a(\cdot,$ $\cdot)$ , $H^{1}$ HG$(\iota\gamma(\Omega^{k})$ $\rho_{G}^{(i)}(l=$
$0,1,2,$ $\cdots,m)$ Galerkin , $\rho_{c^{\gamma}}^{(l}=\rho^{(i)\star}$ .
(4) (3.2) $\lambda$ .
$\bullet$ 3.1 , $\lambda=\lambda^{\star}$ , .
$\bullet$ 3.1 , ,
, (3.2) .
(5) 3.1 $\rho(\lambda^{*})$ , 35 Wolfe .
$\bullet$ , 33 , .
$\bullet$ (3.4) , $\epsilon$ $\epsilon/2$ , (3.4) (3.4)
$\epsilon$ , (4) .






4.1 ( ) $\Omega\subset R^{d}(d=2,3)$ Lipschitz
. $\Omega$ $\phi$ $\prime W$ $*$ 1.
$\prime W=\{\phi\in W^{1,\infty}(\Omega)|\phi_{0}\leq\phi\leq 1\}$
, $\phi_{0}\succ 0$ . $p>1$ .
$p>1$ , DV$(\phi)$ $\phi$ $\phi_{0}$ 1
.
SIMP .
4.1 (SIMP BV $(\phi)$) $f\in L^{2}(\Omega;R)$ , $u$ : $\Omega\mapsto R$
.
$-\nabla\cdot(\phi^{p}\nabla u)=\phi f$ $in\Omega$
$u=$ Oon $\Gamma$
.
4.2 ( ) 4.1 W . $\phi\in\eta\gamma$ BV $(\phi)$ $u$
. $\phi$ $u$ $g^{(l)}\in$ , $\infty$ $(R^{2};R)(l=0,1,2, \cdots,m)$ . $J^{(0)}(\phi, u)$ ,




4.2 (SIMP TO) 4.1, 4.2 $W$, $(\text{ ^{}(0)}(\phi, u),J(\phi,u))$ .
$\phi\in$ ! BV $(\phi)$ $u$ . , $\phi^{\star}\in\prime W$ .
$J^{(0)}( \phi^{\star},u^{\star})=\phi\in W\min_{\prime}\{J^{(0)}(\phi, u)|J(\phi, u)\leq 0\}$
$\prime W$ . ,
$\{\phi^{k}\}_{k}$ , .
$\phi^{k}\in\prime W(k=0,1,2, \cdots)$ .
$*1$
11
4.3 ( ) 4.1 $W$ . $\rho;\Omegaarrow R$
.
$=W^{1,\infty}(\Omega;R)$
$\phi^{k}\in\psi$ , $\phi^{k+1}$ $\rho\in$ $\epsilon>0$ .
$\phi^{\epsilon\rho}=\phi^{k}+\epsilon\rho$
$\phi^{k+1}=P_{W}(\phi^{\epsilon\rho})$
, $P_{BV}$ ${}^{t}W$ .
$\phi\in\prime W$ .
4.3 ( $DV(\phi)$) 4.1, 42, 43 W, $(J^{(0)}(\phi, u),J(\phi,u))$ ,
. $\phi\in\prime W$ $\epsilon>0$ . $\rho\in$ BV$(\phi^{\epsilon\rho})$
$u^{\epsilon\rho}$ . , $\rho^{\star}\in$ .
$f^{0)}(\phi^{\epsilon\rho^{*}},$ $u^{\epsilon\rho^{*}})=$ $\min_{\prime,\rho\in \mathcal{U},|\#)||=1}\{J^{(0)}(\phi^{\epsilon\rho},u^{e\rho})|J(\phi^{\epsilon\rho},u^{\epsilon\rho})\leq 0\}$
DV$(\phi)$ $\rho^{*}\in$ $\epsilon>0$ , 43 , $\phi^{k+1}$ .
, DV$(\phi)$ , TO .
4.1 $J$
DV$(\phi)$ ( ($\phi$ , u) $(l=0,1,2, \cdots,m)$
. , $J^{(i)}(\phi, u)$ .
$u$ .
4.4 ($u$ $u’$ ) 4.3 . BV $(\phi)$ , BV $(\phi^{\epsilon\rho})$
$u,$




4.1 ($u$ $u’$ ) 4.1,43 !, . $\phi\in\prime W$ BV $(\phi)$
$u$ . , $\rho\in$ $u$ G\^aateaux $u’$ ,
.
$-\nabla\cdot(p\phi^{p-1}\rho\nabla u)-\nabla\cdot(\phi^{p}\nabla u’)=\rho f$ $in\Omega$
$u’=0$ in $\Gamma$
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4.1 , $u’$ $\rho$ .
4.1 , $J^{(l7}(\phi, u)$ .
4.4 ( $AD^{(0}(\phi)$) 42 $(J^{(0)}(\phi, u),J(\phi, u))$ . $\partial g^{(l)}/\partial u=g_{u}^{(l)}$
. , $v$ : $\Omega\mapsto R$ .
$-\nabla\cdot(\phi^{p}\nabla v^{(l)})=g_{u}^{(i)}$ in $\Omega$
$v^{(l\gamma}=$ Oon $\Gamma$
AD(i) $(\phi)$ v( .
$\rho\in$ ( ($\phi$ , u) $(l=0,1,2,$ $\cdots$ , $m)$ Fr\’echet $\text{ ^{}(l)\prime}(\phi,$ $u)\phi$)
. , $J^{(l)\prime}(\phi, u)\phi)=\langle G^{(l)},\rho\rangle$ , $c^{(l)}\in u*$ . ’ $(\phi, u)(\rho)$
G( .
4.1 ($\text{ ^{}(l)}$ ) DV$(\phi)$ . $\partial g^{(l)}/\partial\phi=$ . $\phi\in\eta\gamma$
BV $(\phi)$ AD(i) $(\phi)$ $u,$ $v$ . $\rho\in$ $J$ ($\phi$ , u)
$J$ ’ $(\phi, u)\emptyset)$ .
$J^{(0\prime}( \phi, u)\phi)=\int_{\Omega}G^{(l)}(\phi,$ $u,v^{(l)})\rho dx=\{G^{(l)}(\phi,$ $u,v^{(l)}),\rho\}$
$G^{(l\gamma}(\phi,$ $u,v^{(l)})=g_{\phi}^{(\iota\gamma}-p\phi^{p-1}(\nabla v^{(l)}\cdot\nabla u)+fv^{(l)}$
, $f\in L^{2}(\Omega;R),$ $g^{(l\gamma}\in W^{2,\infty}(\mathbb{R}^{2};R)$ $G^{(l\gamma}(\phi,$ $u,v^{(l)})\in W^{1,1}(\Omega;R)$ .
.
$J^{(l)\prime}( \phi,u)\phi)=\int_{\Omega}(g_{\phi}^{(l\gamma}\rho+g_{u}^{(l)}u’)dx=\{g_{\phi}^{(l)},\rho\}+\langle g_{u}^{(l)},$ $u’\}$
4.1 $AD^{(l\gamma}(\phi)$ $(u’,$ $v^{(t)})\in V^{2}$ .
$a(p\phi^{p-1}\rho,u,$ $v^{(0})+a(\phi^{p},$ $u’,v^{(l)})=\{\rho f,v^{(I)}\rangle$ $\forall v^{(l)}\in V$
$a(\phi^{p},u’,v^{(l)})=\{g_{u}^{(l)},$ $u’\}$ V$u$’ $\in V$
, .




, $f\in L^{2}(\Omega;\mathbb{R}),$ $g^{(l)}\in$ , $\infty$ $(R^{2};\mathbb{R})$ , $u,$ $v^{(l)}\in H^{2}(\Omega;R)$ . ,
$G^{(\iota\gamma}(\phi,u,v^{(l)})\in W^{1,1}(\Omega;R)$ .
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4.1 ($J^{(l)}(\phi,$ $u)$ ) $G^{(I)}\not\in W^{1,\infty}(\Omega;R)$ , G( $\rho$ .
.
$G^{(l\grave{)}}(\phi,$ $u,$ $v^{(l)})\in W^{1,1}(\Omega;R)\subset W^{1.\infty}(\Omega;R)^{*}$ , J( . ,
2.1 , .
4.2 ( DV$(\phi)$ ) DV$(\phi)$ $\rho^{\star}$ .
4.2 $H^{1}$
$G^{(l)}$ . G( $\rho^{(\text{ }*}\in$
.
23 , $V=$ 2 $X=H^{1}(\Omega;R)$ . ,
.
4.5 $(H^{1}$ $HG^{(l)}(\phi))$ 4.1 G( , $\rho_{G}^{(l)}\in X=$
$H^{1}(\Omega;\mathbb{R})$ .
$a(\rho_{G}^{(l)},$ $v)=-\{G^{(l)},v\}$ $\forall v\in X$
, $a(\cdot,$ $\cdot)$ $X$ 1 , , $c_{1}$ ,
.
$a(y,z)=(y,z)_{X}= \int_{\Omega}(\nabla y\cdot\nabla z+c_{1}yz)dx$
$\rho_{G}^{(l)}$ J( $\rho^{(l)\star}\in$ SIMP
$H^{1}$ . $H^{1}$ , [6].
4.3 (DV $H^{1}$ ) DV$(\phi)$ . $\phi\in$ /
4.1 G( $X^{*}$ , $HG^{(l)}(\phi)$ $\rho_{G}^{(i)}\in X$ . ,
(1) $\rho_{G}^{(l)}$ , $\rho_{G}^{(l)}$ $J^{(\iota\gamma}(\phi, u)$ {b $\rho^{(l)\star}\in$ .
(2) $\rho_{G}^{(\iota\gamma}\not\in$ , $narrow\infty$ $\rho_{n}^{(\iota\gamma*}arrow\rho_{G}^{(l\gamma}\in X$ $J^{(l)}(\phi, u)$
$\{\rho_{n}^{(i)\star}\}_{n}\in$ .
4.2 ($H^{1}$ ) h














A.l ( ) $V$ . $S\subset V$
$S$ , $S$ .
James [10].
A.l ( ) Banach $V$ , $S\subset V$
. $S$ , $S$ .
A.2( ) Banach $V$ , $S\subset V$ , : $Sarrow R$
. $x^{0}\in S$ $S$ $\{l\}_{n}$ ,
.
$\lim_{narrow}\inf_{\infty}$
$(l)= \lim_{narrow\infty}(\inf_{m\geq n}J(x^{m}))\geq J(x^{0})$
$B$
3 $C$ .
B.l ( ) 3.1, 33 W, . $\Omega\in\prime W$ $W^{1,\infty}$
. $\rho\in$ $u\in W^{1,1}(R^{d};\mathbb{R})$ G\^ateaux $u’=$
15




B.2 ( ) 3.1, 33 $W$, . $\Omega\in\prime W$ $W^{\infty}$
. $\rho\in$ $u\in W^{1}(\mathbb{R}^{d};\mathbb{R})$ G\^ateaux $u’=$
$\lim_{\epsilonarrow+0}(u^{\epsilon\rho}-u)/\epsilon\in W^{2,1}(R^{d};R)$ . , $J(\Omega)$ Fr\’echet $J’(\Omega)(\rho)$
.
$J( \Omega)=\int_{\Gamma}ud\Gamma$
$J’( \Omega)(\rho)=\int_{\Gamma}u’d\Gamma+\int_{\Gamma}(\nabla\phi\cdot v+\kappa\phi)v\cdot\rho$ $dr$
, $\kappa=\nabla\cdot v,$ $\kappa/(d-1)$ .
$J’(\Omega)(\rho)$ $J(\Omega)$ .
$C$ 3.1 ( )
3.1 , 3.1 [11].
3.1 ( ) BV$(\Omega)$ ( ( $\Omega$ , u) Lagrange
$L^{(\vec{l})}(\Omega,$ $u,v^{(l)})$ . , $(u,v^{(l)})\in(H^{1}(\Omega;R))^{2}$ .
$L^{(\iota\gamma}( \Omega, u, v)=J^{(l)}(\Omega, u)-\int_{\Omega}\nabla u\cdot\nabla v^{(\iota\gamma}dx+\int_{\Omega}fv^{(t)}dx+\int_{\Gamma}v^{(l)}\nabla u\cdot v$dr’ $+ \int_{\Gamma}u\nabla v^{(0}\cdot vd\Gamma$
$\rho\in$ $L^{(l)}\backslash (\Omega,$ $u,v^{(l)})$ G\^ateaux $L^{(l)\prime}(\Omega,$ $u,$ $v$ $)$ $(\rho)$ .
$L^{(\iota\gamma’}( \Omega,u,v^{(l)})(\rho)=\int_{\Omega}g_{u}^{(l\gamma}u’dx-\int_{\Omega}\nabla u’\cdot\nabla v^{(i)}dx-\int_{\Omega}\nabla u\cdot\nabla v^{(i)\prime}dx$
$+ \int_{\Omega}fv^{(\iota_{\grave{J}^{J}}}dx+\int_{\Gamma}v^{(l)\prime}\nabla u\cdot vd\Gamma+\int_{\Gamma}u’\nabla v^{(l)}\cdot v$ dr
$+ \int_{\Gamma}\{g^{(\iota\gamma}-\nabla u\cdot\nabla v^{(l)}+2(\nabla v^{(l)}\cdot v)(\nabla u\cdot v)\}v\cdot\rho d\Gamma$
$= \int_{\Gamma}\{g^{(i)}+(\nabla u\cdot v)(\nabla v^{(l)}\cdot v)\}v\cdot pd\Gamma$
1 , B. 1, B.2 $u=v^{(l)}=0$ on $\Gamma$ . 2 ,
$BV(\Omega)$ AD$(\iota\gamma_{(\Omega)}$ $\partial u/\partial\tau^{a}=\partial v^{(l)}/\partial\tau^{\alpha}=0(\alpha=1,2, \cdots, d-1)$
. $\tau^{a}\in R^{d}$ $\Gamma$ . $L^{(l)\prime}(\Omega,$ $u,$ $v^{(l)})(\rho)=J^{(l)\prime}(\Omega, u)(\rho)$ ,
.
16
[1] . . (A ), Vol. 60, pp. 1479-
1486, 1994.
[2] , . . , Vol. 16,
No. 3, pp. 277-290, 2006.
[3] M. P. Bendse and O. Sigmund. Topology optimization: theory, methods and applications.
Springer, Berlin; Tokyo, 2003.
[4] J. Haslinger and R. A. E. M\"abnen. Introduction to Shape optimization: Theory, Approx-
imation, and Computation. SIAM, 2003.
[5] H. Azegami and S. Kaizu. Smoothing gradient method for non-parametric shape and
topology optimization problems. In Proceedings of the 7th World Congress on Structural
andMultidisciplinary optimization (WCSMO-7)(CD-ROM), pp. 1-10, 2007.
[6] , . . 2007
, pp. 210-211, 2007.
[7] J. Jahn. Introduction to the theory of nonlinear optimization, Second revised edition.
Springer-Verlag, 1996.
[8] D. Chenais. On the existence of a solution in a domain identification problem. Of
mathematical analysis and applications, Vol. 52, pp. 189-219, 1975.
[9] , , . . .
[10] R. B. Holmes. Geometricfznctional analysis and its applications. Springer-Verlag, 1975.
[11] G. Allaire, F. Jouve, and A. M. Toader. Structural optimization using sensitivity analysis
and a level-set method. Joumal ofComputational Physics, Vol. 194, pp. 363-393, 2004.
17
